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Climate change is causing shifts in marine species’ distributions, disrupting fishers and fishing communities
and threatening food security. These changes affect all fishing activities, from small-scale to industrial fish-
ing, and have implications for livelihoods, economies, and society along the entire seafood supply chain. Un-
derstanding fisheries as social-ecological systems (SESs) that include dynamic responses and feedbacks for
the targeted stocks, the fishers, and the fishing industry provides an essential standpoint for thinking about
fisheries’ adaptation to climate change. In this Perspective, we briefly summarize the ecological and socio-
economic impacts of target species’ distribution shifts. We propose using a resilience perspective where
fishery SESs can respond to climate changes by maintaining, coping, adapting, and/or transforming the sys-
tem. In this context, we identify what specific actions by individuals, groups, and institutions allow the fishery
system to respond in these ways and discuss policy solutions to allow for adaptation and transformation to
shifting species distributions.Introduction
Climate change is causing changes to marine species’ distribu-
tions and abundances.1 Species that are targeted by fishing are
shifting their geographic distributions, in addition to experiencing
range contraction, expansion, or fragmentation, and these pat-
terns are expected to continue and even magnify in the coming
decades.2–5 As a result, fishers and fishing communities might
no longer be able to access the species they are accustomed
to fishing, which could have repercussions for their livelihoods,
food security, and local culture, as well as the entire seafood
supply chain. These changes affect all types of fishing activities,
but the changes and impacts are far from homogeneous. Thus,
there is a pressing need for fisheries to adapt to these shifts,
and diverse adaptation solutions will be required given the diver-
sity of changes expected for fishery systems.
Adaptation to climate-change impacts in fisheries has been
gaining attention in international policy asmoredramatic changes
to ocean conditions, including their consequent impacts on catch
composition, catch potential, and fishery revenues, are antici-
pated.6–8 There will not be a one-size-fits-all solution to these
changes given how highly variable they are likely to be across re-
gions.9–11 Particularly concerning is the realization that the coun-
tries that are most dependent on fish protein for nutrition tend to
be poorer, are projected to suffer the greatest losses in catch,
and have the highest vulnerability.6,11–14 Mitigating emissions of
greenhouse gases to reach the Paris Agreement would reduce
the expected losses to fisheries’ catch potential in relation to a
business-as-usual scenario. However, further limiting the pro-
jected global temperature increase by the end of the century to
1.5C would allow larger damage reductions,15 particularly for
developing countries.16 However, such climate-change targets
currently seem unlikely, suggesting the importance of preparing
for impacts and developing adaptation solutions.544 One Earth 2, June 19, 2020 ª 2020 The Authors. Published by E
This is an open access article under the CC BY-NC-ND license (http://The adaptations required and their feasibility will depend on
the specific climate impacts and on the social context, but adap-
tation will be feasible in many cases. Global studies have found
that reforming fishery management to avoid overfishing at the
trailing edges of species’ ranges, including harvesting at
maximum sustainable yields and allowing for fishing rights (i.e.,
catch shares), could offset many of the impacts on fisheries.7,11
Climate change can be seen, therefore, as an impetus for reform-
ing fishery management to adopt more sustainable and adaptive
practices,17 although not all countries are equally capable of do-
ing so. Furthermore, these changes could be most disruptive
when they span international borders, adding to the existing con-
flicts in transboundary fisheries.18 In fact, it is expected that
23%–35% of global exclusive economic zones (EEZs) will have
new transboundary stocks by the end of this century,19 poten-
tially causing new conflicts and management challenges for ma-
rine resources.11,19,20 At more local scales, species shifts will
lead to invasive species, losses of target species, new trophic in-
teractions, and changes in biogenic habitats, among others,21
with uncertain implications for many fisheries and their depen-
dent livelihoods.22 Here, we focus on the range of impacts that
species distributional shifts can have on fishers, fishing commu-
nities, the broader fishery economic sector, and fishery-man-
agement institutions.
A number of studies have proposed different adaptation ac-
tions for fisheries to confront climate change.23–27 Although the
efficacy of different adaptation actions is poorly known,6 there
is consensus on the importance of improving the resilience of
fisheries.22,28–31 Resilience is defined here as the ability of the
system to absorb disturbances while retaining the same basic
structure and ways of functioning, the capacity for self-organiza-
tion, and the capacity to adapt to stress and change all while ac-
counting for the interdependence of people and nature.32–34 Inlsevier Inc.
creativecommons.org/licenses/by-nc-nd/4.0/).
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of the fishery social-ecological system (SES).35 SESs are com-
plex adaptive systems, indivisible, and composed of social and
ecological dimensions that interact continuously at individual,
collective, and governance scales.36 We consider fisheries to
be SESs because they can be studied as complex and inte-
grated systems in which humans are part of nature.37 SESs
can respond to climate change by using coping, adapting, and
transforming strategies.35,38,39 Coping refers to responding to
disturbances in a way that mobilizes the actor’s ability to draw
on available skills, resources, and experiences;35 adaptation re-
fers to anticipating and/or responding incrementally to change;
and transformation involves more fundamental change to the
SES, challenging existing structures to produce a novel
system.35,40
Under higher levels of climate hazards, SESs will undergo
more drastic changes.30 For these more adverse impacts, it is
expected that transformational change will be needed given
that coping or adapting strategies might not be sufficient,30
and failing to adapt (i.e., a ‘‘remaining’’ approach) will be unten-
able. Adaptation planning should be designed to allow for ‘‘desir-
able’’ adaptive and transformative change,40 and therefore it is
important to understand what drives fishery systems to different
responses. We argue that shifting species distributions can incur
both incremental and transformational change in fishery SESs
and explore the underlying causes and mechanisms that can
trigger such adaptation and transformation actions and strate-
gies. Linking theory to practice, we confront existing normative
premises on the need for adaptation and/or transformation40
by also delving into the risks of such actions.
In this Perspective, we focus on fisheries’ resilience to shifts in
target species’ ranges through the lens of SESs to determine
strategies and policy solutions that can facilitate fisheries’ adap-
tation. Ecological impacts due to species shifts have important
implications for fisheries’ livelihoods and economy activity.
Adaptation and transformative action in fisheries can happen
at the individual (fisher), collective (community), and institutional
(governance) levels, and it is important to be aware of potential
maladaptation. Our proposed resilience approach to fishery
SESs would assess how the system can respond by coping,
adapting, or transforming or alternatively how the system can
react with individuals and collectives exiting the system, which
would dissolve the SES. The adaptation pathway that could be
most effective will be influenced by the resilience of the SES,
the degree of climate impacts, and existing societal and institu-
tional constraints. Furthermore, maladaptation is more likely
when the fishery is maintained in the status quo than when a
more proactive adaptation or transformation approach is taken.
From here, we propose that flexible and adaptive management,
livelihood diversification, co-management, equitable fishing
rights, the development of new markets, the creation of new in-
ternational fishing agreements, and other potential policy solu-
tions could help facilitate fisheries’ adaptation to shifts in the dis-
tributions of target species.
Ecological Changes Due to Species Distribution Shifts
Marine ecosystems are already experiencing the redistribution of
species and habitats as a result of climate change,1,3,41 causing
changes to species’ geographic ranges, including range con-tractions, expansions, and fragmentation21 (Figure 1), and these
changes are likely to be magnified in the future as the impacts of
climate change increase. Much of the literature focuses on how
species are likely to respond to temperature changes, although
there is growing appreciation for the role of a suite of environ-
mental factors that will shape future patterns of marine biodiver-
sity, including pH, sea level, primary productivity, salinity, and
dissolved oxygen. For example, McHenry et al.5 compared pro-
jections for 125marine species along the US Northeast Shelf be-
tween accounting only for temperature changes and accounting
for changes to multiple environmental factors, and they found
that a multifactor model produced more concerning predictions,
including more dramatic range shifts, more range contractions,
and more fragmentation of species’ ranges. Range shifts can
also be exacerbated or diminished depending on the directional
agreement between temperature gradients and ocean or air
currents.42
Importantly, simple predictions that all species will shift their
ranges toward the poles are not adequate for anticipating
climate impacts formarine systems. The suite of interacting envi-
ronmental factors that influence species ranges means that
range shifts can be counterintuitive and that species and ecosys-
tems can experience ‘‘negative’’ and ‘‘positive’’ effects from
climate change.43 Whereas some species will adapt to changes
and thus will be able to survive in locations that move outside of
their previous environmental tolerances,44,45 others might strug-
gle to have their range shift keep pace with climate change and
could face major range contraction or even extirpation. Further-
more, the pace of distributional shifts is likely to vary depending
on species’ biological characteristics, including adult mobility
and larval dispersal ability.46,47 Ecological communities are
also unlikely to shift in unison, leading to novel species assem-
blages. As ecological communities shift and reassemble, there
could be changing trophic interactions (e.g., a species not previ-
ously subject to strong top-down control now overlaps a vora-
cious predator, or herbivory on temperate reefs increases as
tropical herbivores invade), species colonizing new habitat
types, changing competitive dynamics between species, and
phenological mismatches.48–50 In more dramatic cases, marine
ecosystems could experience tipping points or regime shifts
into new system states, which could have potentially significant
implications for ecosystem function and ecosystem services.51–
54 Furthermore, in tropical areas near the equator, marine eco-
systems could experience more dramatic degradation and spe-
cies loss as species shift their ranges away, leaving only themost
environmentally tolerant species to persist. Although predicting
species’ responses to future climate is clearly complex, as
climate models, biogeographic data, and computational ap-
proaches are advanced, the accuracy and precision of these
predictions will continue to improve—creating new opportunities
for adaptation planning.
Impacts on Fisheries and the Fishing Industry
As targetedmarine species experience changes to their distribu-
tion and abundance because of climate change, this will neces-
sarily affect fisheries. It is important to understand the impact
pathway from ecological impacts, impacts on the fishery, im-
pacts on the broader fishery economic sector throughout the
supply chain, and finally the cultural and social values and assetsOne Earth 2, June 19, 2020 545
Figure 1. Types of Ecological Changes in Target Species and Supporting Habitat as a Result of Climate-Induced Distribution Shifts
Blue refers to cold-water species, and red illustrates warm-water species. As species shift in distribution in response to climate change, new species interactions
and habitat shifts will transform marine ecosystems.
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pathway for fishery SESs affected by changes to species’ distri-
butions from climate change. Feedbacks and indirect links are
expected given that impacts interact in non-linear ways and
across scales.31 For example, changes in gear and fishing prac-
tices can exacerbate impacts on the ecological system, overca-
pacity can contribute to fishery collapse,32 and shifting values
and norms can increase vulnerability to stressors.55 This is a
key area of research if we aim to avoid reinforcing feedbacks
of negative impacts.56
As a result of range shifts and the associated ecological im-
pacts seen in Figure 1, fisheries will face losses in target species
in conjunction with the entrance of new and invasive species into
their waters. These shifts in target species can directly alter
catches21 and could be particularly important for small-scale
fisheries, which are often culturally and economically attached
to a specific fishing territory or region and the local marine re-
sources available.57,58 In some locations, the introduction of
new species or increased abundance of previously rare species
will provide new opportunities for exploitation, especially if fish-
eries for those species already exist elsewhere and there are
developed markets. For example, in Iceland, the increased
abundance of mackerel was welcomed by the fishing industry
and government, although it also created conflicts with adjacent
EU countries.18 New species can also have negative effects on
other commercially important species and result in an additional
pressure for range contraction or local extirpation of those spe-546 One Earth 2, June 19, 2020cies. Overall, there is a need for more research to inform predic-
tions of the opportunities and risks associated with new target
species.
In locations losing economically important fish stocks, fishing
fleets can relocate their efforts when they have sufficient mobility
to track shifting stocks,34 but management regulations and
country boundaries can act as barriers, resulting in the loss of ac-
cess to those stocks.31,59 For species shifting across jurisdic-
tional boundaries, there is a particular risk of overfishing at the
stock’s trailing edge, leading to fishery collapse. The country
that is losing the fish stock does not have an incentive to sustain-
ably manage that stock because future returns are expected to
be non-existent.19,60 These barriers aside, the literature sug-
gests that industrial fisheries often have an advantage because
they have higher mobility than small-scale fisheries.57 Finally, in-
vasions and new species interactions can change catch compo-
sition, which carries the risk of increasing catches of choke spe-
cies in fisheries managed by a multispecies quota system.
Choke species are those with low (or no) quota and can cause
a vessel to stop fishing or a fishing season to close even when
there is still available quota for other target species. If choke spe-
cies increase in abundance or distribution under climate change,
this could have important ripple effects. For example, under the
EU Common Fisheries Policy, bycatch reporting is mandatory
and contributes to the total allowable catches of the target spe-
cies,61 and increases in choke species could limit the ability to
reach quotas of target species31 when policies do not adapt
Figure 2. Impact Pathway of Species Distribution Shifts on the Ecosystem Ecology, Fishing Activity, Fishery Economy, and Social System
Arrows indicate the multiple connections between system domains, such as direct links and feedbacks.
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tions of shifting species as a result of climate change for local ac-
tivity is largely unexplored despite its importance.
Economic impacts to fisheries as a result of climate-change-
induced distribution shifts can include profit losses due to
decreased catches and/or higher fishing costs.8,62,63 In addition,
shifts can cause indirect repercussions on the processing and
supply-chain industries of the associated fisheries.64 The degree
of impacts on the fishery depend on the flexibility of the markets
as well as on consumer preferences. Markets can become more
volatile, an effect that could magnify as resources decrease.
Companies and markets can react with increased imports of
fish products to compensate for local decreases in catches,
compromising the local resource market. This effect has been
observed in the Uruguayan seafood sector, where increasing im-
ports are leading the sector into an economic crisis.65 In some
cases, impacts can result in the relocation of processing facil-
ities, markets, or fishing vessels. International fish markets
have been seen as a buffer to local supply shocks, but reliance
on international trade can have negative effects, such as the
loss of domestic products and the vulnerability of jobs to price
and supply shocks elsewhere.66 International trade also carries
risks for local fishers and seafood consumers by focusing on lux-
ury resources (such as shark fin and sea cucumbers) that pre-
empt the catch of locally consumed products55 and can involve
illegal practices and trade on the black market. Finally, if fleets
and fishing capacity are not adjusted to account for abundance
decreases in shifting species, this could result in overcapacity
and overfishing; these are often sustained by fishing subsidies,8
further depleting target species in a reinforcing feedback that
can end in stock collapse.
Of course, fishing activity is often the result of a long history of
social-ecological interactions betweenmarine ecosystems, fish-
ing communities, and the broader society. As an example of the
range of impacts that can result from range shifts, the loss of fish-
ing opportunities or reductions in target stocks can have dispro-portionate impacts on marginalized and vulnerable groups, spe-
cifically fishers and workers in the processing sector who are not
fully recognized (e.g., migrants and women)67 or who are not
granted fishing access rights by management authorities (e.g.,
indigenous communities).68–70 Changes to fishing locations,
fishing technology, and fisher behavior can cause fishers to
stop relying on accumulated local or traditional knowledge,
which can further exacerbate economic and ecological im-
pacts.71 These impacts can change the way people interact
and are organized, modifying social capital22 and risking tradi-
tions and cultural heritage related to fishing practices.70,72 For
example in the Arctic region, as a result of climate-change im-
pacts on fisheries and other stressors, native communities are
facing demographic and gender-role changes73 that are
affecting their livelihoods and traditions. In these communities,
young women are migrating to urban regions, resource extrac-
tion is attracting new resource users to the coast (migration),
and the use of traditional knowledge is decreasing among
younger people.73 These types of social changes can lead to so-
cial exclusion, and poverty can become self-reinforcing when
fishers seek to protect important resources that are affected
by climate change, creating poverty traps.29
SES Changes
As reviewed above, climate-change-induced shifts in species
distributions alter fishery SESs, implying changes in the ecolog-
ical and social domains, thereby altering the state of the system
and its functioning and interactions. Under this perspective, the
resilience of the fishery describes how fishers are affected by
and respond to change.29 However, a resilient state of the fishery
can be ‘‘desirable’’ or ‘‘undesirable’’29,30 given that degraded
systems can be highly resilient to further disturbance. One
example is poverty traps, where the system reaches a stable
equilibrium with fishers in a poverty stage. In Kenya, when arti-
sanal fishers have been confronted with fishery collapse, most
are able to diversify income or exit the fishery to transform, butOne Earth 2, June 19, 2020 547
Figure 3. Remaining and Adaptation (Coping, Adapting, and Transforming) in Fishery SESs
This figure represents the continuum of change that an SES can follow when facing climate-change impacts in the form of alterations to marine species dis-
tributions and other associated ecological impacts, illustrating social changes at the individual (fishing livelihoods or users), collective (user groups), and
(legend continued on next page)
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not able to mobilize enough economic resources to escape.58
For this reason, it is important to understand the types of actions
and strategies we can expect from a SES that is affected by shift-
ing species distributions in order to anticipate the undesirable
states of the system (i.e., risks) and manage the desirable
ones. Here, we provide an analysis of the types of fishery actions
that individuals, fishing communities, and governance institu-
tions can use to cope, adapt, and transform in the face of
climate-driven shifts in species distributions. We thus illustrate
how the adaptation-transformation process can evolve as the
impacts of climate change intensify, bridging the gap between
theory and practice and between ecological and social per-
spectives.29,40
A SES facing climate change can respond along an adaptation
continuum (Figure 3). The system can remain in its current state
without changing at the individual, collective, or governance
level.30 Remaining, or essentially inaction, is an adequate option
only for very low-level impacts. If the system responds, there are
three possibilities: coping, adapting, and transforming.30,74
Finally, the system can also react with individuals and collectives
exiting the system, which would be the most drastic change and
would cause the system to dissolve. Although more dramatic
ecological changes often correspond to more significant adap-
tation responses, this is not always the case, and whether an
SES adopts a remaining, coping, adapting, or transforming strat-
egy might not necessarily be related to the magnitude of the
change in target species distributions. This is because the ability
of the social system to adapt can be constrained by social, eco-
nomic, and political factors (e.g., Ribot75), and the degree of
adaptation required by a level of ecological change can depend
on pre-existing characteristics of the fishery.
Coping strategies are typically linked to more moderate
changes and increasing variability,35 which in the case of
shifting stocks could include declines in species abundance
and new species occurrences. Coping strategies are often
reactive or ex post facto as opposed to anticipatory,38 and
they keep the SES functioning in the original state by resisting
the impacts of climate change. A coping strategy for a small-
scale fishery could involve adjusting catch levels to respond
to abundance changes without changing gear, target species,
or market strategies. It could also involve occasional changes
in fishing practices without any systematic pattern. At the col-
lective level, an example coping strategy would maintain so-
cial networks and interactions between fisher groups76 but
could change the degree of trust or information exchange be-
tween fishers, such as information on the impacts observed
or strategies used. At the governance level, established regu-
lations and institutions would remain unchanged, but formal
or informal rules could be adjusted, such as modifying quota
levels.
When environmental changes are systematic and take the
form ofmore drastic alterations in the availability of ecological re-
sources, including local extirpation or dominance by a new spe-governance (formal and informal institutions) levels. Icons changing fromblack tow
building represents formal institutions and rules, whereas the hands represent in
different types of ties are represented by dotted and solid lines. At the individua
transformation strategy.cies, the SES can benefit from mobilizing its structure and com-
ponents to adapt or transform to the new context (Figure 3).
Adapting responses are known as incremental adaptation and
consist of strategies for accommodating changes and maintain-
ing benefits while SESs are adjusted to increase their resil-
ience.30 These strategies tend to be more anticipatory, but
they can also be reactive.35 At the individual level, an adapting
strategy will involve systemic change (e.g., changing gear and/
or targeting a new species).24 At the collective level, recent
research has found that the configuration of social interactions
plays a crucial role in the adaptation process, where adapting
(and transforming) actions involve reorganization of social net-
works.76 An example would be expanding social networks to
other groups in the fishery (bridging ties) in order to establish
trust or communication exchange with other fishing sectors.77
At the governance level, an illustrative example of adapting
would be expanding the institutional network and allowing for
agreements between parties, such as creating new transboun-
dary fishing agreements for shifting marine species.19
The last form of response is transforming the SES (Figure 3).
Transformation reduces the magnitude of the impacts over the
long term by moving the SES into a different state. Transforming
can be a response to accumulated incremental change (e.g., the
establishment of robust populations of new species in local wa-
ters) or to more radical changes in the ecosystem (e.g., rapid
changes to species composition due to extreme events, such
as marine heatwaves, or ecological tipping points into new sta-
ble states).30,51,73,78 Transformation requires systemic change
in the SES structure and functioning and many times involves
shifting livelihoods, ecosystem services, economic systems,
and power relationships.29,40,74,76 A transformational change at
the individual level could include exiting an artisanal fishery to
work for an industrial fishing operation (Figure 3). At the collective
level, formal and informal changes in social networks and power
relations (i.e., new leadership and new partnerships) can illus-
trate a transformation.29,76 At the governance level, an example
could be transitioning from top-down to bottom-up and partici-
patory processes that include local, traditional, and indigenous
knowledge systems for decision making in the fishery69 and/or
changing fishery regulations from open or limited access toward
territorial use rights for fisheries (i.e., TURFs) coupledwithmarine
reserves.79,80
The responses discussed in this section illustrate the
different stages or phases that a SES can undergo in response
to species distribution shifts due to climate change. The extent
or magnitude of impacts is likely to determine the level of
change warranted, from incremental to systematic to transfor-
mational76,81 (Figure 3). However, the response of the SES is
also determined by existing constraints (e.g., the lack of
freedom to act and adapt) and by the resilience of the sys-
tem.22,28,31 The social resilience of the SES is influenced by
its adaptive capacity, which refers to the conditions that allow
people to anticipate or respond to change in order to reduce
negative consequences, recover from impacts, or takehite represent the introduction of different players. At the governance level, the
formal rules. At the collective level, lines represent social networks, in which
l level, icons represent targeting different fishery resources as an adaptation-
One Earth 2, June 19, 2020 549
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is composed of six different domains that can influence the
types of responses29 and whether the SES will achieve a desir-
able or undesirable state. These domains are the ability to
organize the system and act collectively, the flexibility to
change strategies, learning capacities to recognize and
respond to change, the availability of assets, the socio-cogni-
tive constructs that determine human behavior (preference
and perceptions), and the agency to undergo change.29 All of
these factors are key to the adaptation process at all levels
and can influence each other across systems and scales.
How these adaptive capacity components determine individual
and collective adaptation responses is an important area for
future research and for shaping policy needs. Finally, although
we focus here on adaptive strategies of the social system in
response to ecological changes, these strategies can in turn
affect the ecological system with stabilizing or reinforcing ef-
fects. For example, changes to fishing practices could lead to
lower or higher exploitation rates that either establish a more
resilient SES or create the need for more dramatic adaptive
strategies. Thus, in evaluating adaptation pathways, it is impor-
tant to consider feedbacks and complex interactions between
the social and ecological components of the system.
Adaptation Pathways and Policy Action
Fishery SESs that are exposed to shifts in species distributions
can follow different pathways associated with actions taken by
individual fishers, companies or collectives, or governance insti-
tutions. Adaptation pathways refer to the series of adaptation
choices for both long-term and short-term goals, including the
process of deliberation to identify solutions to climate change
while avoiding maladaptation.83 In this section, using the adap-
tation process framework presented in Figure 3, we identify spe-
cific actions that can lead a fishery SES into the different adap-
tation pathways (remain, cope, adapt, and transform),
including potential risks or maladaptation outcomes. With ac-
tions, we refer to both reactive and anticipatory responses to
climate-change-driven distribution shifts.
Table 1 summarizes possible adaptation actions—and associ-
ated risks—applicable to the range of small-scale and large-
scale fisheries that are and will continue to be affected by spe-
cies distribution shifts. When a system follows a remaining
pathway, there are considerable risks that fishers will get caught
in a poverty trap.58 There are also risks of fishery collapse due to
unsustainable levels of fishing and fleet overcapacity.8 The
coping pathway is associated with risks of illegal fishing and
market practices for those players who are unwilling or unable
to engage in shifts to different income sources. There are asso-
ciated risks of overfishing species under range contraction and
habitat fragmentation. The adapting pathway involves improving
fishing practices, targeting new species, and diversifying gears
and livelihoods, among other strategies. Diversifying gears could
lead to habitat damage or overexploitation if it is not accompa-
nied by appropriate regulations, and livelihood diversification
can lead to a loss of social prestige and job satisfaction.84 Finally,
the transformation pathway has the risk of outboundmigration of
fishers and re-enforcing gender and power inequalities in the re-
structuring of households and the social system.40 As a conse-
quence, systems can lose important cultural heritage and values550 One Earth 2, June 19, 2020associated with a historical fishery that has been depleted and/
or has shifted in space.85
It is worth noting that the same strategy can be both detri-
mental at one level and beneficial at another74 or within different
ecological and social contexts. For example, illegal fishing can
be a coping strategy that allows individual fishers to maintain
their livelihoods, but it would be detrimental for the ecological
system and the perceived fairness upon which that specific
governance is built. As another example, fishers can have a
migration response whereby they exit a fishery and relocate their
livelihoods elsewhere, targeting another fishery or fishing
ground. Whether this is a risk to transformation depends on
the ability of the fishers to make a conscious and free decision
to migrate.29,73 Additional sources of risk can emerge from scale
mismatches, for example, if ecological, social, and institutional
change take place at different spatial and/or temporal
scales.56,86 As species distributions shift, we can expect some
mismatches in spatial scales as species ranges occur beyond ju-
risdictions87 as well as temporal mismatches due to climate-
change impacts and fishery-management cycles.56 Finally, mis-
matches in the use of indicator-based approaches in decision
making for adaptation can be a risky strategy, as demonstrated
in recent studies.86,88 Further research should examine these
complex interactions, feedbacks, synergies, and trade-offs at
the different levels and ecological and social dimensions in
fisheries.
Because fisheries are on the move as a result of climate-
change impacts, policy action is required to lead a fishery SES
toward a desired adaptation pathway. In the context of marine
biodiversity redistribution, there is high agreement on the need
for adaptive management regulations and new institutional
frameworks that allow fisheries to adapt and be more resilient
to change.1,19,31 However, there is little evidence on the types
of specific policy solutions that can be implemented to allow
fishery SES to adapt and transform.29,30 We suggest that policy
be designed on the basis of the described adaptation pathways
and obviously attempt to avoid risks and maladaptation con-
ditions.89
From a fishery-management and policy perspective, resilience
should not be a policy objective per se over sustainability. Sus-
tainability, in this context, refers to fishery sustainability, wherein
catches do not exceed a level that can be maintained into the
future. In contrast, increasing resilience in a system does not
necessary lead to improved equity or sustainable outcomes90
given the aforementioned risks. For this reason, scholars have
highlighted the concept of ‘‘equitable resilience’’ for how SESs
can adapt to climate change while avoiding maladaptation.74
This policy goal incorporates issues of social justice, avoids mal-
adaptation by addressing social and power inequities, and incor-
porates transformational change as a potential pathway to
confront change. In the context of fisheries’ adaptation to shift-
ing species distributions, we need to understand how impacts
affect the well-being of individuals and collectives and imple-
ment actions that allow for just and desired adaptations and
transformations in the system. Special attention to context and
history is required because they can shape and limit adaptation
processes and increase risks. Fishery systems and their adapta-
tion options are influenced by their past and current social-
ecological legacies.91 For instance, ecological systems that
Table 1. Adaptation Pathways of Remaining, Coping, Adapting, and Transforming and the Associated Actions and Risks at the
Individual and Collective Levels
Pathways Individual Level Collective and Governance Levels
Remain
Actions d keep traditions
d keep autonomy
d maintain fishing practices
d maintain organizations and governance
d maintain current practices of fishing and processing
Risks d poverty traps
d households forced to buffer income loss
(e.g., child labor)
d perverse subsidies
d increased inequality in vulnerable groups
overfishing and fishery collapse
Cope
Actions d adjust effort
d temporary shifts to other income sources
d add value to existing products
d increase imports and exports
d encourage flexible effort, catches, and fishing practices
d provide equitable access rights (e.g., providing quota or
TURFs to marginalized sectors and vulnerable communities)
Risks d rule breaking (e.g., illegal fishing and
market practices)
d households forced to buffer
d income loss (e.g., child labor)
d poverty traps
d rule breaking (e.g., illegal fishing)
d overfishing and fishery collapse
d increased use of international markets
Adapt
Actions d target new species
d diversify gear
d diversify livelihoods
d restructure assets (e.g., vessel buybacks)
d find new sustainable products and markets
d improve and adopt new technologies
(e.g., gear, transportation, and processing industry)
d encourage adaptive effort, catches, and fishing practices
d protect and conserve climate refugia and ecological corridors
d create and enhance cooperatives, producer organizations,
and associations (e.g., RFMOs and SSF associations)
d provide access to new fishing grounds
d livelihood-focused interventions
Risks d rule breaking (e.g., illegal fishing and market
practices)
d dependency on financial loans
d loss of social prestige and/or job satisfaction
d rule breaking (e.g., illegal fishing)
d engaging in new fisheries or markets that lack sufficient regulation
d international fishing conflicts
d fleet overcapacity
d overfishing and fishery collapse
d emergence of marginal and vulnerable social groups
Transform
Actions d relocate the fishing activity
d shift jobs within the fishery sector (e.g., from
artisanal to industrial fishing or vice versa)
d shift jobs within the seafood sector (e.g., from
industrial fishing to processing industry or
aquaculture)
d exit the seafood sector
d establish fishing moratoriums (e.g., closure of Artic waters)
d close collapsed and unsustainable fisheries
d facilitate participation and co-management systems
d change power structures
d allow transitions of fishers into different activities in the sector
(e.g., promote sustainable aquaculture and target new species)
d end unsustainable processing industry
Risks d migration
d household and social-structure change
d loss of social prestige and/or job satisfaction
d losing local and traditional knowledge linked to fisheries
d loss of cultural and identity values linked to lost fisheries
d failure to address cultural and social differences in
transformation processes
d intensification of social and gender inequality
This table illustrates the types of actions that a fishery can follow depending on the adaptation pathway, as well as the associated risks to the system.
See Table S1 for references associated with these adaptation actions and risks. Abbreviations are as follows: RMFO, regional fishery management
organization; SSF, small-scale fishery; TURF, territorial use right for fisheries.
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climate change than unfished systems.11 Similarly, social leg-
acies, such as colonization, affect social perceptions and values
and patterns of power and decision-making processes.92
Research on how past interlinkages between social and ecolog-
ical dimensions affect current fisheries’ adaptive capacities is
fundamental to guiding fishery systems toward equitable re-
silience.Table 2 provides a set of specific policy options that have the
potential to address the ecological and socioeconomic impacts
linked to species range shifts under climate change.We focus on
solutions that allow the fishery system to adapt or transform. So-
lutions include changing management practices to be more
adaptive, flexible, and participatory; creating new markets and
adding value to existing market products and their value chains;
or conservation measures such as fishing closures, marineOne Earth 2, June 19, 2020 551
















flexible management practices can allow
fishers to change target species, diversify
gears, improve technologies, and cope
with seasonality22,31
– – U U –
Increase access to
information
provision of access to critical information,
such as market prices and weather
forecasts, is central to allowing coastal
communities to respond to shifts in species
distribution22




increasing opportunities to access
affordable capital, credit, and insurance
can benefit communities facing shifts in the
ranges of resources; people who fish might
adapt to altered composition of target
resources by purchasing new fishing gear22





increasing the value of target species (e.g.,
through increased product quality and
selling to newmarkets) can compensate for
losses from shifting stocks78
U – – U –
Adjust fleet capacity vessel buybacks can reduce
overcapitalization and thus overharvesting
of declining stocks if there are mechanisms
to restrict new entrants94






co-management and cooperatives for
small- and large-scale fisheries can help
tunemanagement to changing stock levels,
use local knowledge to improve decision
making, and create or improve market
opportunities23,34




monitoring and updating catch and effort
controls to shifting stock status can avoid
overexploitation and sustain livelihoods for
a longer period11
– – U U U
New international
fishery agreements
transboundary agreements for shifting
stocks over national jurisdictions could
prevent overfishing; institutions can grant
access to new fishing grounds that can be
managed sustainably; fishers can relocate
their activity11,19,95
– – U U –
Livelihood-focused
interventions
higher levels of livelihood diversification in
industrial fisheries reduce the variability of
fishing income;96 however, diversification
in small-scale fisheries can promote exiting
the fishery, and interventions can be
directed at developing alternative income
or subsistence livelihoods22
– U U U U
Fishing closures area and seasonal closures in fisheries can
control for excessive bycatch and
accidental catch of novel expanding
species; closures provide precautionary
management in new fishing areas (e.g.,
Arctic), for new species arriving, and for
collapsing stocks31,97
– U U U U
(Continued on next page)
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MPAs protected areas can serve as climate
refugia, allow for habitat connectivity, and
assist the migration of target species;98
strategically designed MPAs can be robust
to climate changes99
U U U U –
Granting equitable
fishing rights
property rights guarantee stewardship over
new resources, and stock ownership allows
for spatial mobility; TURFsmight need to be
redesigned and/or enlarged for shifting
target stocks because of their spatial
nature99




facilitating transformation toward new
economic activities within the seafood
sector (e.g., targeting new species and new
sustainable aquaculture ventures) can
promote new resource use57,94
– – U U –
Open new seafood
markets
opening new markets and facilitating the
development of new seafood products can
allow the processing industry to transform
and persist in the face of changing fish
stocks78
U – – U –
Each of the policy solutions is presented with the rationale behind its benefits to adaptation or transformation. Checkmarks identify the specific ecolog-
ical impacts (discussed in Ecological Changes Due to Species Distribution Shifts Introduction) that the policy can address, whereas dashes denote that
the relationship has not yet been found in the literature but could exist. We highlight ecological impacts that the solution is well suited to mitigate, but
each solution could potentially help address other ecological impacts. Furthermore, in many cases, additional research is required for better under-
standing and predicting how policy changes can address the impacts of climate change on fisheries. Abbreviations are as follows: MPA, marine pro-
tected area; TURF, territorial use right for fisheries.
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recognized that solutions focused on the ecological and
socioeconomic dimensions of fisheries should be planned
together.31,34 However, because of the complex trade-offs and
synergies between the adaptive capacities of fisheries, the com-
bination of solutions to achieve a desired response in the system
is not well known, nor are the linkages among adaptation ac-
tions, risks, and expected responses of the SES as a
whole.22,29,93 Furthermore, the policy solutions explored in
Table 2 can target one or several ecological impacts of species
distribution shifts, but there is not a solution that covers the full
possible collection of ecological impacts. Research is needed
to document how these different policy solutions can be imple-
mented in different contexts and how they can work together
to build more climate-robust fishery systems.
Policy and Research for Shifting Fisheries
In this Perspective, we have reviewed the impact pathways of
climate-change-induced shifts in species distributions ranging
from ecological systems to human activities. In order to under-
stand the types of responses that fisheries can undergo, we
introduce a SES approach and illustrate how these complex sys-
tems can navigate change. We argue that the resilience of a SES
and the degree of climate impacts determine which adaptation
pathway—including coping, adaptation, and transformation
strategies—might be effective when fisheries are confronted
with distribution shifts. These responses take place at the indi-vidual, collective, and governance levels and can lead to adapta-
tion and transformation processes with associated adverse risks
or maladaptation.86 Importantly, maladaptation (e.g., poverty
traps or overharvesting) is more likely when the fishery is main-
tained in the status quo than when a more proactive adaptation
or transformation approach is taken. Given that the effects of
climate change on target species are likely to be magnified in
the coming decades, this is all the more reason for fishery
SESs to attempt systemic adaptations and transformations
that will provide for robust fisheries in the face of climate change
now and well into the future.
Policy and management solutions rely on leading SESs to-
ward sustainable and equitable adaptation and transformation.
In the face of shifting target species, these policy solutions
range from flexible and adaptive management to transforming
governance by allowing diversification, co-management, and
equitable fishing rights to regulating new target species and
developing new markets. A suite of policy responses will be
necessary for responding to the different ecological impacts
resulting from species range shifts. Furthermore, some of the
policy solutions proposed in the literature can incur trade-
offs; for example, providing more access to capital can result
in fishing overcapacity. For successful implementation and
fostering resilience, these policy solutions should be designed
to improve the social adaptive capacity of fishers and to pro-
mote equitable resilience. The framework illustrated here pro-
vides new insights into the challenges that fishing communitiesOne Earth 2, June 19, 2020 553
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practice.
Future research needs to address the linkages between policy
solutions and the SES adaptation-transformation response. By
understanding the SES continuum of change, new policy regula-
tions will be able to allow fishers, collectives, and governance
systems to achieve a sustainable and equitable response to
the future and already occurring climate-change impacts in ma-
rine ecosystems. Further research could look at the implications
of more drastic changes, such as extreme events and
ecosystem tipping points, and what policies can counteract
the resulting detrimental states. Although not explored here,
the resilience of the ecological domain is also key to allowing
the SES to respond to shifts in species distributions, and
trade-offs between ecological and social resilience need to be
better understood. Additionally, the resilience of the supply chain
and the fishing storage and transport routes to climate-change
shifts needs to be addressed in the literature.
As climate change proceeds, more and more target fish spe-
cies are going to change their distributions and will become
less accessible to the fisheries that depend on them or bring
new species that can further disrupt the ecosystem and/or pro-
vide new fishing opportunities. A SES perspective of fisheries
can help us understand how these systems could cope, adapt,
or transform in the face of these challenges. In this context,
adaptation should be viewed as a dynamic and complex process
where different impact levels of species shifts and social-system
characteristics tune the systems’ response. Policy action can be
designed to promote adaptation and transformation responses
so that the system reaches a sustainable and equitable state in
the face of drastic ecological change.
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